Abstract: Reliable estimates of the magnitude and frequency of floods are essential for such things as the design of transportation and water-conveyance structures, Flood Insurance Studies, and flood-plain management. The flood-frequency estimates are particularly important in densely populated urban areas. A multistate approach was used to update methods for determining the magnitude and frequency of floods in urban and small, rural streams that are not substantially affected by regulation or tidal fluctuations in Georgia, South Carolina, and North Carolina. The multistate approach has the advantage over a single state approach of increasing the number of stations available for analysis, expanding the geographical coverage that would allow for application of regional regression equations across state boundaries, and building on a previous flood-frequency investigation of rural streamflow-gaging stations (streamgages) in the Southeastern United States. In addition, streamgages from the inner Coastal Plain of New Jersey were included in the analysis.
INTRODUCTION
Building on the success of a multistate approach for developing regional flood-frequency equations to estimate the magnitude and frequency of floods at ungaged rural streams in the Southeast, (Feaster and others, 2009; Gotvald and others, 2009; Weaver and others, 2009 ), a similar approach was applied to urban and small, rural streams (Feaster and others, 2014) . For this investigation, Southeast refers specifically to Georgia, South Carolina, and North Carolina. The analytical techniques used incorporate both urban and rural streamgages and, therefore, can be applied to urban and small, rural streams. The lower limit of drainage area for basins included in the Southeast rural flood-frequency study was 1 square mile (mi 2 ). The lower limit of drainage area for rural basins included in this investigation was 0.1 mi 2 . Consequently, in this study, small, rural streams refer to those with drainage areas less than 1 mi 2 . Some of the benefits of including both urban and rural streamgages in the regression analysis are (1) smoother transition between urban and rural flood-frequency estimates, (2) larger database than would be available with urban streamgages alone, and (3) larger geographical coverage in the hydrologic regions, which will represent a broader range of hydrologic conditions likely to occur at ungaged locations. More details on this investigation can be found in Feaster and others (2014) .
DESCRIPTION OF STUDY AREA
The study area includes all of Georgia, South Carolina, and North Carolina with the exception of the Blue Ridge ecoregion, which lacks a sufficient number of urban streamgages to allow for a regional regression analysis, and the tidally influenced regions of the Coastal Plain. 
DATA COMPILATION
For this investigation, urban and small, rural streamgages with 10 or more years of annual peakflow record were considered for inclusion in the analysis. Additional rural flood-frequency data included in the study were based on a subset of the stations previously included in the Southeast rural flood-frequency investigation by Gotvald and others (2009 ), Weaver and others (2009 ), and Feaster and others (2009 , which included annual peak-flow data for rural stations through water year 2006. Generally, the data from those studies selected for inclusion in the current study were based on the upper limits of the drainage area size for the urban streamgages. This was done to maintain some level of uniformity with respect to the range of drainage area sizes for the urban and rural basins. In the Sand Hills, which has the fewest number of streamgages in the hydrologic regions analyzed, all of the streamgages from the Southeast rural flood-frequency investigation were included.
After compiling the peak-flow data for the urban stations, quality assurance and quality control (QAQC) methods were used to assess homogeneity of the annual peak-flow data for the period being analyzed and to assess other potential issues. The QAQC methods used to review the rural streamgages previously included in the Southeast rural flood-frequency study can be found in the reports by Gotvald and others (2009 ), Weaver and others (2009 ), and Feaster and others (2009 . Similar QAQC methods also were used for the urban streamgages included in this investigation. Kendall's tau was chosen to assess the significance of temporal trends in the peak-flow record for each streamgage (Helsel and Hirsch, 1992) . For the urban streamgages in South Carolina and North Carolina, historical aerial photographs from Google Earth were reviewed to assess stable periods of urbanization. Along with the aerial photographs, plots of the annual peak flows also were reviewed. If the Kendall's tau analysis indicated a trend, all of the available information was used to determine whether there was a sufficient period of record available that indicated a relatively stable period of urbanization. If so, that period of record was used in the at-site floodfrequency analysis. Otherwise, the station was excluded from the analysis. For the Georgia urban stations, Gotvald and Knaak (2011) also reviewed historical information to determine periods of relatively stable urbanization.
Peak-Flow Data:
Streamgages were used in the analysis only if 10 or more years of annual peak-flow data were available and if peak flows at the streamgages were not affected substantially by dam regulation, flood-retarding reservoirs, channelization, or tides. Based on results from the QAQC reviews, peak-flow data from 340 rural stations, of which 336 were previously published as part of the USGS Southeast rural flood-frequency investigation, 32 small, rural stations, and 116 urban stations were included in the analysis ( fig. 2 ).
Figure 2 Locations of hydrologic regions and U.S. Geological Survey streamgages with 10 or more years of record that were included in the Southeast regional-regression analysis for urban and small, rural streams.
In an effort to increase the range of drainage basin area for the urban streamgages in the Coastal Plain, USGS flood-frequency reports from other States along the Atlantic Coastal Plain ( fig. 3 ) were reviewed in an effort to find additional urban streamgages to include in the regression analysis. In order to verify that the Coastal Plain flood-frequency characteristics were similar to those in Georgia, South Carolina, and North Carolina, the published 1-percent annual exceedance probability (AEP) flows for rural basins in Virginia (Austin and others, 2011) , Maryland (Ries and Dillow, 2006) , Delaware (Ries and Dillow, 2006) , and New Jersey (Watson and Schopp, 2009) were graphically compared with published 1-percent AEP flows from the Southeast rural flood-frequency study (Feaster and others, 2009; fig. 4A and 4B) . As shown in figure 4B , the New Jersey inner Coastal Plain (ICP) 1-percent AEP flows are well within the dataset of the Southeast Coastal Plain streamgages whereas the New Jersey outer Coastal Plain data fall either below or on the lower edge of the Southeast data as do much of the Delaware Coastal Plain data. The Virginia and Maryland Coastal Plain data also plot well within the Southeast Coastal Plain data. Because the New Jersey ICP rural data were comparable to the Southeast rural Coastal Plain data, it was concluded that the urban streamgages from the Coastal Plain in Virginia and Maryland as well as the New Jersey ICP would be appropriate to include in the Southeast urban flood-frequency analysis. This conclusion assumes that with respect to streamflow, the effect of urbanization in the Virginia, Maryland, and the New Jersey ICP is similar to that in the Southeast Coastal Plain. From a review of previously published peak-flow data for urban streamgages in the Coastal Plain regions of Virginia, Maryland, and the New Jersey ICP, it was determined that only New Jersey had sufficient measured urban peak-flow data that could be included in the Southeast study. Similar QAQC reviews were done for the New Jersey ICP urban streamgages as were done for the Southeast urban streamgages. Consequently, peak-flow data from 16 urban and 2 rural stations from the New Jersey ICP also were included in the analysis. Incorporation of urban streamgages from the New Jersey ICP allowed for an increase in the range of drainage area size from 2.1 to 53.5 mi 2 for which the predictive equations for the Southeast Coastal Plain are applicable. At-site 1-percent annual exceedance probability flow and drainage area for (A) U.S. Geological Survey rural streamflow-gaging stations (streamgages) in Florida, Georgia, South Carolina, and North Carolina that were included in the Southeast rural flood-frequency investigation (Feaster and others, 2009 ) and (B) rural streamgages from Virginia, Maryland, Delaware, and New Jersey (Austin and others, 2011; Ries and Dillow, 2006; and Watson and Schopp, 2009 ).
Physical and Climatic Basin Characteristics:
The frequency and magnitude of floods can be estimated at ungaged sites through multiple regression analysis, which relates streamflow characteristics such as the 1-percent AEP flow, (also often referred to as the 100-year flood), to selected physical and climatic basin characteristics for gaged drainage basins. Physical and climatic basin characteristics were selected for use as potential explanatory variables in the regression analyses on the basis of the conceptual relation to flood flows and the ability to measure the basin characteristics using digital datasets and Geographic Information System (GIS) technology. The following 23 basin characteristics were determined for each streamgage included in the analysis: drainage area, main channel length, basin perimeter, main channel slope, mean basin slope, basin shape factor, mean basin elevation, maximum basin elevation, minimum basin elevation, percentage of impervious area, percentage of developed land, percentage of forested land, percentage of storage, mean annual precipitation, maximum 24-hour precipitation with recurrence intervals of 2-, 10-, 25-, 50-, and 100-years, soil drainage index, hydrologic soil index, drainage density, and population density.
FLOOD-FREQUENCY ANALYSIS AT URBAN AND SMALL, RURAL STREAMGAGES
A frequency analysis of annual peak-flow data at a streamgage provides an estimate of the flood magnitude and frequency for that specific stream site. Flood-frequency estimates for streamgages are computed by fitting the series of annual peak flows to a known statistical distribution. Floodfrequency estimates for streamgages included in this study were computed by fitting logarithms (base 10) of the annual peak flows to a Pearson Type III distribution. This method follows the guidelines and computational methods described in Bulletin 17B of the Hydrology Subcommittee of the Interagency Advisory Committee on Water Data (1982), which has been the standard methodology for flod-frequency analysis in the United States since 1981. However, the authors of Bulletin 17B noted that the guide was designed to "…meet a current, everpressing demand that the Federal Government develop a coherent set of procedures for accurately defining flood potentials…" but that additional studies were needed to address a number of items identified in Bulletin 17B as "Future Studies". On the basis of studies made in response to those recommendations, adoption of the expected moments algorithm (EMA) is among the changes that have been suggested others, 1997, 2001 ; Tim Cohn, U.S. Geological Survey, written commun., September 27, 2012) and are starting to be applied in USGS flood-frequency studies (Gotvald and others, 2012; Zarriello and others, 2012; Kessler and others, 2013) . The flood-frequency estimates for the urban streamgages were completed using a modified version of the methods described in Bulletin 17B, by including the EMA, which allows for a more generalized approach to representing observed annual peak-flow information by using an interval range as compared to the conventional method of using point data (Cohn and others, 1997) . In addition, a generalized Grubbs-Becks test, which allows for the detection of multiple potentially influential low outliers (Cohn and others, 2013) , also was used.
For the rural streamgages in Georgia, South Carolina, and North Carolina, the flood-frequency estimates were obtained from those previously published in the Southeast rural flood-frequency investigation (Feaster and others, 2009; Gotvald and others, 2009; Weaver and others, 2009 ). In addition, the flood-frequency estimates for the Georgia urban and small, rural streamgages included in Gotvald and Knaak (2011) were updated by including additional data collected through September 2011. Updating the flood-frequency analyses for the Georgia urban and small, rural streamgages allowed for the inclusion of the historic floods that occurred in northern Georgia during September 2009 (McCallum and Gotvald, 2010) . For the streamgages included from the New Jersey inner Coastal Plain, the flood-frequency estimates were updated in consultation with USGS New Jersey Water Science Center hydrologists and also included peakflow data through September 2011.
ESTIMATION OF FLOOD MAGNITUDE AND FREQUENCY AT UNGAGED URBAN AND SMALL, RURAL SITES
A regional regression analysis was used to develop a set of equations for use in estimating the magnitude and frequency of floods for ungaged urban and small, rural sites in Georgia, South Carolina, and North Carolina. These equations relate the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent AEP flows (also referred to as the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence interval flows) computed from available peak-flow records for streamgages to measured physical and climatic basin characteristics of the associated drainage basins. For the initial analysis, the upper limit for the drainage area of the rural streamgages included in the regression analysis was established based on the upper limit of the drainage area for the urban streamgages in each hydrologic region (HR; fig. 2 ) so that reasonable representation of basin characteristics for both urban and rural streamgages would be included in the analysis. Additionally, only the Southeast rural streamgages that drained 100 percent from a single HR were included in the regression analysis (all the urban streamgages drained 100 percent from individual HRs). Some of the benefits of including urban and rural streamgages together in the regression analysis are (1) smoother transition between urban and rural flood-frequency estimates, (2) larger database than would be available with urban streamgages alone, and (3) larger geographical coverage in the HRs, which will represent a broader range of hydrologic conditions likely to occur at ungaged locations ( fig. 2 ).
Regression Analysis: Selection of the explanatory variables for each hydrologic region was based on all-possible-subsets (APS) regression methods (Neter and others, 1985) . The final explanatory variables for each hydrologic region were selected on the basis of several factors, including standard error of the estimate, Mallow's Cp statistic, statistical significance of the explanatory variables, coefficient of determination (r 2 ), and ease of measurement of explanatory variables. Multicollinearity, a situation in which two or more explanatory variables in a multiple regression model are highly correlated, in the candidate exploratory variables also was assessed by the variance inflation factor (VIF) and the correlation between explanatory variables. Generalized least-squares regression methods, as described by Stedinger and Tasker (1985) , were used to determine the final regional P-percent chance exceedance flow regression equations, using the USGS computer program GLSNET (Tasker and Stedinger, 1989 ; G.D. Tasker, K.M. Flynn, A.M. Lumb, and W.O. Thomas, Jr., U.S. Geological Survey, written commun., 1995). As was done for the rural streamgages included in the Southeast rural floodfrequency investigation by Gotvald and others (2009 ), Weaver and others (2009 ) and Feaster and others (2009 , the urban streamgages were assessed for redundancy. Redundancy occurs when the drainage basins of two streamgages are nested, which is when one basin is contained inside the other basin and most or all of the peak-flow data at the two streamgages are concurrent. In order to remove the redundancy from the GLS regression analysis associated with streamgages that represent the same basin, two streamgages on the same stream where the percentage change in drainage area from one station to the second was within 50 percent were considered redundant pair streamgages. If the peak-flow record of the station with the shorter period of record was predominantly captured within the record of the station with the longer period of record and the urbanization characteristics of the two streamgages were relatively similar, the station with the shorter period of record was omitted from the analysis. Based on that criteria, three streamgages were excluded from the regional regression analysis due to redundancy. Generalized least squares (GLS) regression methods, as described by Stedinger and Tasker (1985) , were used to determine the final regional regression equations with the use of the weighted-multiple-linear regression (WREG) program version 1.06 (Julie Kiang, U.S. Geological Survey, written commun., May 2013; Eng and others, 2009). The GLS regression analysis included flood-frequency estimates generated for 488 USGS streamgages: 340 rural; 32 small, rural; and 116 urban. The regional-regression analysis resulted in predictive equations that can be used to estimate the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent AEP flows at urban and small, rural ungaged locations in the Southeast (table 1) . Explanatory variables included in the equations are as follows: HR1, drainage area (DA) and percentage of impervious area (IA); HR3, DA and percentage of developed land; and HR4, DA, IA, and the 24-hour, 50-year maximum precipitation ( fig. 2, table 1 ). Average standard error of prediction for the predictive equations, which is a measure of the average accuracy of the regression equations when predicting flood estimates for ungaged sites, ranged from 25 percent for the 10-percent AEP regression equation for the Piedmont--Ridge and Valley region to 73 percent for the 0.2-percent AEP regression equation for the Sand Hills region. An application spreadsheet also was developed that can be used to compute the flood-frequency estimates along with the 95-percent prediction intervals for an ungaged location and is available at http://pubs.usgs.gov/sir/2014/5030/. 
SUMMARY
This paper presents methods for determining the magnitude and frequency of floods at urban and small, rural streams in the Southeast United States, which for this investigation includes Georgia, South Carolina, and North Carolina. The regional regression analysis for the investigation includes at-site flood-frequency estimates for 488 streamgages: 340 rural; 32 small, rural; and 116 urban. The at-site flood-frequency analyses for 336 of the 340 rural streamgages were previously published as part of a U.S. Geological Survey (USGS) Southeast rural floodfrequency investigation, which included annual peak-flow data through water year 2006. The atsite flood-frequency analyses for the remaining 152 urban, rural, and small, rural streamgages were completed using annual peak-flow data through water year 2011 and was done using a modified version of the Bulletin 17B procedures by including the expected moments algorithm and a generalized Grubbs-Becks test that allows for the detection of multiple potentially influential low outliers.
In order to expand the range of the drainage area sizes for which the Coastal Plain regression equations would be applicable, 16 urban and 2 rural streamgages were included from the inner Coastal Plain of New Jersey. Analyses comparing rural flood-frequency estimates for streamgages in Virginia, Maryland, Delaware, and New Jersey with streamgages included in the Southeast rural flood-frequency investigation indicated that the 1-percent chance annual exceedance probability (AEP) flows from Virginia, Maryland, and the inner Coastal Plain of New Jersey respond similarly to the 1-percent AEP flows from the Southeast. Consequently, it seemed reasonable to assume that the 1-percent AEP flows from the urban basins in these States also would have characteristics similar to urban basins in the Southeast. However, only the inner Coastal Plain of New Jersey had streamgages with sufficient measured annual peak-flow data to be included in the regression analysis. Including the New Jersey urban streamgages allowed the upper range of the applicable drainage area size for the urban streamgage regression equations to be increased from 2.1 to 53.5 square miles.
The regional regression analysis was completed using generalized least squares regression. The regional-regression analysis resulted in predictive equations that can be used to estimate the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent AEP flows (also referred to as the 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year recurrence interval flows) at urban and small, rural ungaged locations in three hydrologic regions (HR) of South Carolina, North Carolina, and Georgia: HR1, Piedmont--Ridge and Valley; HR3, Sand Hills; and HR4, Coastal Plain. In addition, similar predictive equations for urban and small, rural ungaged locations in HR5, Southwest Georgia, which were published in 2011 in a USGS flood-frequency investigation of urban and small, rural basins in Georgia, were included in this report. There was not a sufficient number of urban streamgages from the Blue Ridge region to allow for generation of urban and small, rural predictive equations. Average standard error of prediction for the predictive equations, which is a measure of the average accuracy of the regression equations when predicting flood estimates for ungaged sites, range from 25.0 percent for the 10-percent AEP regression equation for the Piedmont--Ridge and Valley region to 73.3 percent for the 0.2-percent AEP regression equation for the Sand Hills region.
